P ediatric spine injuries account for 1%-10% of all spine traumas and represent 5% of all pediatric bone fractures. 2, 3, 5, 32 The reported incidence of thoracolumbar fractures in children with spine injuries ranges from 5% to 34%. 5, 20 Current management strategies for pediatric thoracolumbar fractures rely mostly on the discretion of the treating physician. There is no universally accepted classification system to aid in the decision for fracture management. OBJECTIVE There are many classification systems for injuries of the thoracolumbar spine. The recent Thoracolumbar Injury Classification and Severity Score (TLICS) has been shown to be a reliable tool for adult patients. The aim of this study was to assess the reliability of the TLICS system in pediatric patients. The validity of the TLICS system is assessed in a companion paper. METHODS The medical records of pediatric patients with acute, traumatic thoracolumbar fractures at a single Level 1 trauma center were retrospectively reviewed. A TLICS was calculated for each patient using CT and MRI, along with the neurological examination recorded in the patient's medical record. TLICSs were compared with the type of treatment received. Five raters scored all patients separately to assess interrater reliability. RESULTS TLICS calculations were completed for 81 patients. The mean patient age was 10.9 years. Girls represented 51.8% of the study population, and 80% of the study patients were white. The most common mechanisms of injury were motor vehicle accidents (60.5%), falls (17.3%), and all-terrain vehicle accidents (8.6%). The mean TLICS was 3.7 ± 2.8. Surgery was the treatment of choice for 33.3% of patients. The agreement between the TLICS-suggested treatment and the actual treatment received was statistically significant (p < 0.0001). The interrater reliability of the TLICS system ranged from moderate to very good, with a Fleiss' generalized kappa (k) value of 0.69 for the TLICS treatment suggestion among all patients; however, interrater reliability decreased when MRI was used to contribute to the TLICS. The k value decreased from 0.73 to 0.57 for patients with CT only vs patients with CT/MRI or MRI only, respectively (p < 0.0001). Furthermore, the agreement between suggested treatment and actual treatment was worse when MRI was used as part of injury assessment. CONCLUSIONS The TLICS system demonstrates good interrater reliability among physicians assessing thoracolumbar fracture treatment in pediatric patients. Physicians should be cautious when using MRI to aid in the surgical decisionmaking process.
verity Score (TLICS) was developed with the intention of providing a clinically relevant classification system that would be not only descriptive, but also predictive of outcome and helpful for guidance of treatment decisions. 15, 33 To date, only 2 studies assessing the use of the TLICS system in children have been published. 27, 29 Only 1 study considered the reliability of the scoring system in addition to its validity. 27 The purpose of our study was to evaluate the interrater reliability of the TLICS system in a large cohort of pediatric patients. We assess the validity of the TLICS system in a companion paper.
Methods

Study Population
A retrospective review of all medical records from 2002 to 2013 that met study criteria was completed for pediatric patients (age 18 years and younger) with acute, traumatic thoracolumbar fractures at a Level 1 trauma center (Children's of Alabama). Inclusion in the study required the presence of CT and/or MRI at the time of fracture assessment, in addition to a documented neurological examination. Exclusion criteria included pathological fractures, age-indeterminate fractures with no recent traumatic event at the time of assessment, incomplete clinical records, and evidence of use of the TLICS system during patient evaluation. Patient charts were reviewed for evidence of use of the TLICS system during the initial patient evaluation and subsequent care. Of note, traumatic spine injuries at our institution are typically managed by the neurosurgery service. Prior to the initiation of this study, the TLICS system was unfamiliar to the neurosurgery faculty. Treatment decisions were made using best clinical judgment for each case. Obviously, clinical judgment may have taken into account some of the TLICS parameters, but not as a formalized scoring system. However, it was not confirmed that previous faculty involved in the care of study patients were also unfamiliar with the TLICS system at the time of patient evaluations, although we believe it is safe to assume this is true. A total of 81 patients met the criteria for inclusion. Approval was obtained from the hospital's IRB prior to review of the medical records and data collection.
Data Collection
A TLICS was calculated for each patient (Table 1) . Neurosurgeons and an orthopedic surgeon at our institution completed the scoring. CT and/or MRI were used to assign the morphology and posterior ligamentous complex (PLC) components of the score. The PLC components include the ligamentum flavum, facet joint capsules, interspinous ligament, and supraspinous ligament. Imaging findings on CT that are considered indicative of PLC disruption include diastasis of the facet joints and widening of the interspinous space. For MRI, these same imaging findings are considered pertinent. In addition, high signal intensity on T2-weighted or short tau inversion recovery sequences in the region of the PLC components are considered to be suggestive of PLC disruption, and are not seen on CT. The neurological examination at the time of initial assessment, as recorded in the patient's medical record, was used for the neurological status component of the score. A total score was obtained by summing the scores of the 3 components. According to the first published description of the TLICS system, the suggested treatment is conservative therapy for a score of 1-3, either surgery or conservative therapy for a score of 4, and surgery for a score of 5 or greater. 33 The treatment received by each patient was classified as either surgical or conservative for comparison with the calculated TLICS scores and the treatment recommendation. Any surgery for decompression and/or mechanical stabilization involving the fracture site was classified as surgical treatment. Conservative treatments included use of an external orthotic brace with scheduled follow-up, no brace with scheduled follow-up, and no scheduled follow-up. Patients with failure of conservative treatment requiring delayed surgery were kept in the conservative treatment group for analysis of intention to treat. Demographic, mechanism of injury, and outcome data were also collected for each patient.
To assess interrater reliability, 5 physicians independently assigned a TLICS score for each patient. The physicians included 1 junior neurosurgery resident, 2 senior neurosurgery residents, 1 neurosurgery faculty member with 2 years of postfellowship experience, and 1 orthopedic faculty member with 23 years of postfellowship experience, all from the University of Alabama Birmingham/Children's of Alabama at the time of completion of the ratings. Raters were provided with the medical record number of each patient in addition to the date of the CT and/or MRI to be reviewed. Images were reviewed in our institution's image viewing system, which can be accessed separately from the other portions of the patient's medical record. Images obtained at the time of the initial patient assessment were selected for scoring of the fracture morphology and PLC disruption components of the TLICS. The neurological examination for each patient at the time of initial assessment was provided to the raters for scoring of the neurological status component of the TLICS. No other medical record data, including treatment or outcome information, was provided to the raters during assignment of the TLICS scores. Furthermore, none of the raters were involved in the treatment of any of the study patients.
Statistical Analysis
Differences between patients receiving conservative and surgical treatments were analyzed for categorical demographic, mechanism of injury, and TLICS subcategory score variables using a chi-square test (or Fisher's exact test when assumptions were not met). Age and TLICS total score comparisons between patients receiving conservative and surgical treatments were tested as continuous variables using an independent t-test and a Mann-Whitney U-test where appropriate. For comparisons of the actual treatment to the TLICS suggested treatment, patients with a TLICS of 4 were excluded. A score of 4 is classified as neutral, so either surgical or conservative treatment is considered reasonable. Odds ratios (ORs) with 95% confidence intervals (95% CI) were calculated for the odds of actual treatment given the TLICS suggested treatment for different scenarios.
For interrater reliability analysis using 5 raters, Fleiss' generalized kappa (k), Kendall's coefficient of concordance (W), and the intraclass correlation coefficient (ICC) were used to assess agreement using the TLICS scoring system. The nominal variable for TLICS treatment suggestion was assessed using only Fleiss' generalized k for multiple raters because this parameter is considered appropriate for nominal data. 6, 7 The TLICS parameters (morphology, PLC, neurological status) were treated as ordinal data; Kendall's W is an interrater reliability coefficient particularly suited for the ordinal nature of the TLICS parameters.
10 TLICS total scores were analyzed as continuous data.
Generalized k estimates between 0.81 and 1.00 are interpreted as almost perfect agreement, k values between 0.61 and 0.80 as substantial, k values between 0.41 and 0.60 as moderate, k values between 0.21 and 0.40 as fair, and k values 0.20 and lower as poor. 13 Extremely strong interrater reliability is inferred for Kendall's W coefficients between 0.71 and 0.90, strong reliability is inferred for coefficients between 0.51 and 0.70, moderate reliability is inferred for coefficients from 0.31 to 5.0, and less than 0.30 is interpreted as weak interrater reliability. 10 Using the Shrout and Fleiss ICC Model 2 (ICC 2,1 ) analyzed for absolute agreement, ICC estimates greater than 0.75 are interpreted as excellent agreement, ICC estimates between 0.40 and 0.75 as fair to good agreement, and ICC estimates less than 0.40 as poor agreement.
1,19,31
Results
Demographics and Clinical Characteristics
Of the 81 study patients, 54 (66.7%) were treated conservatively and 27 (33.3%) were treated surgically ( Table  2 ). The mean patient age was 10.9 years. Girls comprised 
ATV = all-terrain vehicle; MCC = motorcycle collision; ped vs auto = pedestrian struck by automobile; sport/rec = sporting or recreational event.
All data given as number of patients (%) unless otherwise indicated. * Bivariate analysis; p < 0.05 is considered statistically significant. Statistical significance for differences in means were tested using independent t-tests and Mann-Whitney U-tests; statistical significance for differences in proportions were tested using chi-square and Fisher's exact tests. Boldface type indicates statistical significance.
51.8% of the patients, and 80.2% of all patients were white. Motor vehicle accident (MVA) was the most common mechanism of injury. Patients who received surgical treatment were significantly older than those who received conservative treatment (12.1 vs 10.2 years, respectively; p = 0.04). There were no significant differences in sex, race, or mechanism of injury between the conservative and surgical treatment groups. The mean number of follow-up visits was 2.9 for the conservative group and 3.9 for the surgical group. The mean length of follow-up was 298 days for the conservative group and 455 days for the surgical group. Of those in the conservative group, 66.7% were treated with bracing. Conservative therapy was unsuccessful in 1 patient (1.2%), who required surgical intervention. This patient had a lumbar Chance fracture and developed progressive focal kyphosis and instability 18 months after the injury, requiring dorsal internal fixation and fusion. Of those in the surgical group, 2 patients (7.4%) had anterior approaches and 25 (92.6%) had posterior approaches. All posterior approaches included internal fixation. Four patients (14.8%) required second operations, and all had undergone posterior approaches. Two of these patients, having suffered significant spinal cord injuries at the time of their accidents, developed surgical site infections requiring reoperation. One patient developed progressive junctional kyphosis and scoliosis, requiring extension of the fusion construct 7 months after the initial surgery. The fourth patient had a postoperative radiculopathy requiring a second operation for screw revision 5 days after the initial surgery.
TLICS
Using the TLICSs assigned by one of the authors (R.L.D.), the mean TLICS among all patients was 3.7 ± 2.8. Most patients were scored as having had a fracture with compressive morphology (43.2%), no evidence of injury to the PLC (56.8%), and no associated neurological deficits on examination (88.9%). However, patients in the surgical group had a significantly higher mean TLICS (6.0 vs 2.5, p < 0.0001). In addition, they were significantly more likely to have received higher scores for each individual component of the TLICS (Table 3) . For comparisons between actual treatment and TLICSsuggested treatment, 7 patients with a neutral score of 4 were excluded from analyses. The treatment suggested by the TLICS scoring system matched the actual treatment in 79.7% of cases. Patients who received surgical treatment were more likely to have TLICSs suggestive of surgical treatment (OR 17.3, 95% CI 4.9-61.4). The agreement between actual treatment and suggested treatment was statistically significant (p < 0.0001; Table 4 ).
Interrater Reliability
For the assessment of interrater reliability, all 3 statistical methods were used for each parameter in the TLICS and the total TLICS, and Fleiss's generalized k was used for the TLICS treatment suggestion nominal variable. All values ranged from moderate to very good. Consideration was given to the effect of imaging modality (CT and MRI) on agreement. Concerning the type of imaging reviewed for each patient, 42 patients had CT only, 35 patients had CT and MRI, and 4 patients had MRI only. For those patients who had MRI only, a sample size of 4 is small and therefore not very robust for detecting differences in variance. In fact, it was impossible to detect the ICC for some parameters due to no variance across the raters (see Supplemental Table 1d ). For this reason, the patients with MRI only were grouped together with the patients who had both CT and MRI to assess how the use of MRI affected interrater reliability when compared with the use of CT only. Overall, interrater reliability was worse when MRI was employed and used in calculating the TLICS. Using Kendall's coefficient of concordance (W) and the ICC, the interrater reliability for the total TLICS was extremely strong (W = 0.87) and excellent (ICC = 0.83) for all patients, extremely strong (W = 0.80) and excellent (ICC = 0.88) for patients with CT only, and extremely strong (W = 0.79) and fair to good (ICC = 0.70) for patients with MRI. Using Fleiss's generalized k the interrater reliability for the TLICS treatment suggestion was good (k = 0.69) for all patients, good (k = 0.73) for patients with CT only, and moderate (k = 0.57) for patients with MRI ( Table  5 ; see Supplemental Tables 1a-c for reliability statistics on each component of the TLICS score, separated by imaging type). When interrater reliability estimates by the faculty and residents were compared, reliability was slightly higher for faculty estimates than for resident estimates (k = 0.77 vs 0.64, respectively, for TLICS treatment suggestion; Supplemental Table 1e ).
Effect of Imaging Modality
The effect of imaging modality on agreement between the actual treatments received and the treatments suggested by the TLICS system was also analyzed. As noted previously, the agreement was statistically significant when all patients with nonneutral scores were considered ( Table  4 ). The statistical significance was maintained for patients who had only CT scans (OR 46.5, 95% CI 5.4-397.6, p = 0.0002), but the agreement between actual treatment and suggested treatment was not as strong when an MRI scan was used to assess injury (OR 6.5, 95% CI 1.1-37.5, p = 0.03; Table 6 ). When only patients who were treated surgically were considered, the presence of an MRI did not affect the suggested treatment (p = 0.59; Table 7 ). However, when only patients who were treated conservatively were considered, MRI made it more likely for TLICS to suggest surgical treatment (p = 0.0003; Table 7 ).
Discussion
Among spine surgeons, no single classification system has been adopted as the optimal scale for evaluating thoracolumbar fractures. The Denis and Magerl-AO classifications are 2 commonly used scales. Each classifies fractures on the basis of morphology and mechanism of injury. 4, 18 However, neither scale emphasizes the importance of neurological status or provides a reliable definition of mechanical stability. Furthermore, studies have demonstrated poor to moderate inter-and intrarater reliability for both systems. 16, 30, 35 The recently introduced TLICS classification system was developed to provide a clinically relevant scale that could stratify injury severity and guide treatment decisions. 33 Because the majority of spine trauma occurs in the adult population, 5 it stands to reason that the TLICS system, like its predecessors, was developed for use in adult thoracolumbar fractures. Since its introduction in 2005, numerous studies have demonstrated good reliability of this system in samples of adult patients. 12, 17, 23, 24 However, the reliability of the TLICS in adults cannot be extrapolated to children, for multiple reasons. First, the pediatric spinal column is anatomically and biomechanically quite different from the adult spinal column, most notably in prepubescent children; its increased water and cartilage contents provide for greater ligamentous flexibility and elasticity. 2, 3, 25, 32 The facet joints are shallower and more horizontal, making the pediatric spinal column tolerant of translational and flexion/extension forces.
3,32 Thus, flexion/distraction and rotational injuries are more often seen in adolescents, whereas younger children present with compression injuries. 32 Furthermore, the pediatric spinal column is exposed to a different array of traumatic events. While mechanisms of injury vary among pediatric age groups, MVAs are generally the most common. Other common mechanisms include falls in younger children and higher-risk activities such as all-terrain vehicles, mo- Patients with a neutral TLICS of 4 excluded (n = 74 in this comparison). All data given as number of patients (%) unless otherwise indicated. * p < 0.05 is considered statistically significant; statistical significance for differences in proportions were tested using chi-square and Fisher's exact tests. Boldface type indicates statistical significance. Three separate statistical estimates of interrater reliability are presented for the application of the TLICS scoring system to patients at Children's of Alabama by 5 raters. All p values presented for k, W, and ICC probabilities are < 0.0001.
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torcycles, and athletic activities in older children.
2,3,9,25,32
The distribution of mechanisms of injury in our study was similar to distributions reported in previously published works, with most injuries resulting from MVAs. Clearly, pediatric thoracolumbar fractures are a distinct pathology and their evaluation using the TLICS system must be assessed independently. Two studies to date have applied the TLICS system to a pediatric patient population. Savage et al. included 20 spine surgeons who each scored 20 pediatric thoracolumbar fractures. They found moderate interrater reliability for the total TLICS score, with greater agreement for operative versus nonoperative treatment recommendations based on the TLICS.
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However, the unweighted Cohen coefficient used in the study by Savage et al. is not as robust a statistic as Fleiss's generalized k for multiple raters, Kendall's W coefficient for ordinal data, or the ICC for ordered, Likert-type, or continuous data. Furthermore, a potential conflict of interest stems from the inclusion of the original authors of the TLICS system, which is the case in numerous studies assessing TLICS in adults. 8, 15, [21] [22] [23] [24] 26 Sellin et al. published the second study on TLICS in children, 29 but they did not discuss or assess the reliability of the TLICS in pediatrics, and made no reference to the only reported reliability statistics on TLICS in pediatrics as found in the study by Savage et al. This is of consequence because reliability is a necessary condition for validity. 11 Furthermore, the raters in this study were not blinded to treatment.
Our objective was to assess the reliability of the TLICS scoring system in a large cohort of pediatric patients evaluated at a Level 1 trauma center for traumatic thoracolumbar fractures. The interrater reliability of the TLICS system was assessed as good to excellent for the total TLICS, and moderate to very good for the TLICS treatment suggestion, depending on the choice of statistical method. We hypothesized that MRI would be useful for clarifying the presence of disruption of the PLC when this was not clear on CT, thereby increasing the interrater reliability. It must be noted that the TLICS system was developed for use with CT. By including MRI, we applied the system in a manner that was not originally intended. However, MRI was used in nearly half of our patients, and excluding those patients would have significantly decreased the size of our study population. Furthermore, by including MRI, we discovered an interesting association between this imaging technique and the reliability of the TLICS system in pediatrics. The interrater reliability was actually worse among patients who underwent MRI. Thus, our hypothesis was false. While we are not sure how to explain this finding, it is likely that the raters assessed imaging parameters differently on the MRI of a patient who had a negative or equivocal PLC score on CT, so some raters increased the PLC score and some kept it the same. Also, it is likely that MRI was more often obtained in cases in which the surgical decision-making process was not clear from CT alone. This would result in an association between the decreased reliability of the TLICS system and the use of MRI. The negative effect of MRI on the reliability of PLC assess- ment is actually supported in the literature, which demonstrates that MRI has only poor to moderate reliability when the integrity of the PLC is assessed in adults. 14, 28 Given the interesting effect of imaging modality on interrater reliability, we surmised that MRI might also affect the significance of the agreement between the actual treatment received and the treatment suggested by the TLICS system. As noted previously, we found that the agreement remained significant when patients underwent CT only, but was not as significant when they had MRI. We gained insight into this relationship by looking at the association of imaging with conservatively treated versus surgically treated patients. Here we found that patients who were treated conservatively were more likely to have a TLICS suggesting surgical treatment when MRI was used to calculate the score. This tells us that MRI negatively affects the agreement between actual and suggested treatment by making conservatively treated patients more likely to receive a suggested treatment of surgery.
One study in adults demonstrated that MRI has poor specificity for identifying PLC disruption in thoracolumbar injuries. 34 Assuming this holds true for our study population, the most likely explanation for our findings is that MRI made it more likely for a rater to give a false-positive rating for disruption of the PLC in a patient who went on to be treated conservatively. This caused a decrease in the agreement between actual treatment and suggested treatment when MRI was used. Taking this into account, along with the knowledge that MRI worsens interrater reliability of the TLICS system, surgeons must exercise caution when MRI is used to assist in the treatment decision, as it could sway the decision in the direction of surgical treatment in a patient who would be likely to tolerate conservative treatment.
Limitations
Our study is naturally limited by its retrospective nature. The only objective measurement of poor outcome was the requirement for repeat surgery in the surgical group, or a first-time surgery for those who were treated unsuccessfully with conservative therapy. There were no objective quality of life outcomes for analysis. The retrospective chart review could not prove that each patient was treated without use of the TLICS system. However, the concept of the TLICS system was unfamiliar to the current neurosurgery and orthopedic faculty prior to initiation of this study. Thus, although a potential limitation, we believe it is safe to say that a TLICS was not used for treatment decisions in the study patients. Another study limitation is that we were unable to have a study population with a similar imaging evaluation. There were 4 patients without CT scans, which is the gold standard for evaluation of fracture morphology. Also, scoring systems with neutral scores present an analytical dilemma, given that the statistical results can be swayed by how these scores are considered. Therefore, we chose to exclude TLICSs of 4 for comparisons of actual treatment to suggested treatment.
Conclusions
The TLICS has proven to be a reliable tool for assessing adult traumatic thoracolumbar fractures. However, its reliability has not been adequately assessed in a pediatric patient population. This study demonstrates that the TLICS system has good interrater reliability when applied to children. However, surgeons should not overestimate the value of MRI when making surgical decisions, as it decreases the reliability of the TLICS system.
